Thermal sensitivity was studied in 280 type I diabetic patients and in 75 control subjects. Warm and cool thresholds, temperature sensitivity limen (difference between warm and cold thresholds, TSL), and hot and cold pain thresholds were quantitated on the skin of the index finger, hand, foot and medial calf. The diabetic group Thermal and pain sensitivity tests The thermal stimulator probe was 20 x 25 mm containing several coupled, multi-layered Peltier elements (Thermal Devices Inc).5 Water circulating through the thermode removed excess, current generated heat. Temperature was monitored at the probe-skin interface by a thermocouple and recorded on a chart recorder. The probe was initially set at 33°C, then heated or cooled at 0.5°C/s. The subjects reversed the current by pressing a switch when they first detected the plate becoming warm or cool. Thermal threshold for warm (WTT) and cool (CTT) was determined as the mean of at least five reversal points during a stable record. The difference between reversal points is called the thermal sensitivity limen (TSL).6
Distal, symmetric, sensory-motor polyneuropathy is one of the most frequent complications of diabetes mellitus. The spectrum of nerve involvement ranges from deficits of large nerve fibre function characterised by depressed tendon reflexes, vibration sense, propioception and touch, to small fibre dysfunction with dysaesthesia, hyperaesthesia, reduced pain and temperature perception and autonomic symptoms."2 Large fibre deficits can partially be quantified by electromyography and nerve conduction studies. With increasing frequency small nerve fibre deficits are being quantified by testing thermal sensitivity.
Temperature sense is mediated by thinlymyelinated AO (cold) and unmyelinated C (warm) nerve fibres.' Accurate testing, requiring calibrated warm and cool stimuli, is best achieved by using Peltier elements.45 Measurement of patient response to a thermal stimulus can be accomplished quickly using the Marstock method. 6 The Peltier device is also well suited for testing pain induced by hot and cold stimuli because it is safe, rapid and repeatable.6 Pain sensitivity is also conveyed by small nerve fibres from polymodal nociceptors in the skin. ' Although abnormalities of thermal sensitivity are Thermal and pain sensitivity tests The thermal stimulator probe was 20 x 25 mm containing several coupled, multi-layered Peltier elements (Thermal Devices Inc).5 Water circulating through the thermode removed excess, current generated heat. Temperature was monitored at the probe-skin interface by a thermocouple and recorded on a chart recorder. The probe was initially set at 33°C, then heated or cooled at 0.5°C/s. The subjects reversed the current by pressing a switch when they first detected the plate becoming warm or cool. Thermal threshold for warm (WTT) and cool (CTT) was determined as the mean of at least five reversal points during a stable record. The difference between reversal points is called the thermal sensitivity limen (TSL). 6 After thermal sensitivity testing, pain thresholds were measured by warming or cooling the probe temperature at 1 5°C/s until the subject felt pain and reversed the stimulus. The instrument was limited to excursions between 1-50°C to avoid skin damage in hyperaesthesic individuals. Pain thresholds by hot and cold stimuli (HPT and CPT) were determined as the average of three acceptable trials. Thermal and pain sensitivity were tested in each subject on four skin areas: dorsum of the index finger, dorsum of the hand (over the first dorsal interosseus muscle), lateral dorsal foot (over the extensor digitorum brevis muscle), and medial calf. Testing at the four sites required 20 to 25 minutes. Thermal tests were conducted in a room maintained near 22°C.
Nerve conduction studies Motor nerve conduction velocity (NCV) was measured for one ulnar, median, peroneal and tibial nerve. The evoked muscle action potential (MAP) was recorded from hypothenar, thenar, extensor digitorum brevis and abductor digiti quinti muscles, respectively. Values for ulnar and median nerves, and those for peroneal and tibial nerves were averaged to facilitate comparisons with other parameters. Orthodromic sensory nerve conduction was measured in the median and sural nerves. Nerve conduction was performed in the same extremities used for thermal tests. The normal limits (P95% values) determined in our laboratory for healthy subjects are: ulnar and parameters. For each skin site tested, the TSL was the most frequently abnormal value among the diabetic patients. Fewer tests were done on the lower extremity (250 patients) because of amputations or local lesions. As in the control subjects the results from different skin sites of patients correlated well. TSL was normal on both hand and foot in only 39 patients.
Comparison of warm and cold thresholds showed good correlation in all the sites tested (r = 0 44 to 0-60, p < 0-001). However, there were discrepancies in individual patients; CTT was abnormal slightly more often than WTT in the lower extremity, but not in the upper extremity (table 2) .
Pain sensitivity The HPT averaged 43 9°C for the hand and foot in control subjects and slightly higher for the index finger (44 8°C) and calf (45 1°C) (table 1). Cold pain sensation is known to be more subject to variation and difficult to evaluate.6 CPT was quite variable in the control subjects, the lower limit being equal to the minimum temperature that the stimulator was allowed to reach (1°C), thus it was less useful to detect abnormalities in the patients. HPT was less variable between subjects, although the upper normal limit was close to the maximum The mean values in the diabetic group were significantly different from those of control subjects, except for the CPT for the index finger and hand and the HPT for the hand. The HPT was impaired in a lower proportion of diabetic patients than temperature thresholds or the limen in all sites tested (table 2) . HPT was abnormal in only a few patients who had a normal TSL (seven in the hand, two in the foot). Results of HPT in different sites were also correlated in the diabetics. There were very few hyperalgesic responses; only four patients in the hand and three in the foot had a HPT that was below the lower limit of normal for controls, all of these had normal TSL values.
Relationship to nerve conduction Nerve conduction data of diabetic patients showed significant correlations with TSL and HPT values, but there were different patterns of involvement. The majority of patients with abnormal motor or sensory nerve conduction also had impaired thermal sensitivity in the hand or the foot ( is mediated by a different pathway than thermal sensation. 34 In conclusion, quantitative thermal sensory testing is a sensitive method to study small axon function. The accuracy of the Marstock method and the short testing time required make it practical to use in the clinical evaluation ofpatients. Our results provide further support of the practicality of establishing a profile of involvement of the different nerve fibre types in each patient to document changes in the degree of the neuropathy in therapeutic trials.
